INTRODUCTION
Diabetes mellitus is a devastating disease that, according to the WHO (World Health Organization), is expected to affect the lives of 380 million people by the year 2025. It is also estimated that 5 % of all deaths in the world are caused by diabetes; a number which will increase by 50 % in the next 10 years. TIDM (Type 1 diabetes) is a disease characterized by autoimmune destruction of pancreatic β-cells, whereas T2DM (Type 2 diabetes) is due to systemic insulin resistance and inadequate insulin production by β-cells. In both cases, inadequate glucose control leads to both micro-and macro-vascular complications that account for the morbidity and mortality associated with the disease. Clinical trials have already shown that tight glycaemic control with an intensive insulin regimen can reduce the risk of developing these complications [1, 2] . However, even with the use of insulin, most patients with T1DM are unable to maintain their blood glucose levels in the normal range at all times. These patients are also prone to dangerous episodes of hypoglycaemia, a barrier to effective diabetes treatment. These issues have led physicians and researchers to look for other means of controlling glucose levels.
In 1966, the first pancreas transplant was carried out by Kelly and co-workers [3] . Since then, more than 25 000 pancreas transplants have been conducted worldwide, with 1-year graft survival rates in the range of 77 % for pancreas transplants alone [4] . However, due to risks relating to the substantial surgical procedure, pancreas transplantation is only suitable for a select subgroup, usually those undergoing simultaneous or previous renal replacement therapy. Therefore alternative approaches are actively needed. This led to the introduction of islet transplantation [5, 6] . Now, instead of transplanting the whole pancreas, the insulin-producing islets themselves could be transplanted, avoiding the need for a major laparotomy. With further refinements, including the Ricordi method for islet extraction [7] , the Edmonton Protocol [8] and more recent refinements, islet transplantation became a viable option for the treatment of T1DM, but requires potent immunosuppression to facilitate graft survival. Initial results were outstanding with 80 % of recipients achieving insulin independence at the 1-year point; however, most patients needed to be maintained on a small dose of insulin by the years 3-5 [9, 10] . However, more impressive was that these patients achieved better glucose control with the avoidance of hypoglycaemic events and a substantially improved quality of life [11] [12] [13] . These results showed that a cure for diabetes is possible through replenishment of the β-cell mass. That being said, islet transplantation has its limitations, including a limited source of tissue and the need for chronic immunosuppression. The availability of islet cells from brain-dead donors is severely limited; there are only 7000 such donors/year in the U.S.A. [14] . The possibility of using living donors has been explored in Japan, but this does not offer a truly practical approach, as the donor could also be at risk of developing diabetes and has to undergo potentially risky surgery [15, 16] . Others have explored the use of alternative animal sources, including pig islet xenografts (neonatal porcine islets) [17] . Pigs are an ideal islet source as they are physiologically similar to humans, breed rapidly and produce large litters. In addition, neonatal islets have the potential benefit of proliferation. However, as with other xenografts, there is an enhanced immune response to them; a situation which may be avoided with co-stimulation blockade [18] or encapsulation [19] . One must also consider the possibility of introducing infections into the host that were derived from the donating animal species: so-called zoonotic diseases. These drawbacks have led researchers to search for other potential sources of glucose-responsive insulinproducing tissue, including the use of stem cells.
In the following sections, we provide a general overview of stem cells, the progress towards their use as a cure for diabetes and some of the limitations encountered thus far.
WHAT ARE STEM CELLS?
Initially identified by Becker, McCulloch and Till in 1963 [20] , stem cells are defined by two key features. First, they have the ability to renew themselves through cell division while remaining undifferentiated. Secondly, when given the appropriate signals, stem cells can differentiate into many specialized cell types. Stem cells can be categorized into two subtypes. ESCs (embryonic stem cells) are pluripotent cells derived from the inner cell mass of a 4-5-day old embryo (blastocyst) and have the potential to form derivatives from all three germ cell layers. Initially derived from mouse embryos [21, 22] , it was not until 1998 that James Thomson and co-workers were able to isolate and continuously culture these cells from a human blastocyst [23] . It is important to emphasize here that the human ESC is defined as a pluripotent stem cell because it can generate teratomas composed of all lineages when transplanted into immune-compromised mice. In the case of mouse ESCs, they are capable of reconstituting an entire mouse following injection of the blastocyst and germline transmission. At the time that human ESCs were first established in culture, human pluripotent embryonic germ cells were also defined. Since that time, a number of other studies have claimed the generation of pluripotent stem cells derived from the blood [24] , amniotic fluid [25] and testis [26] . In contrast, adult stem cells are found in various adult organ compartments and are more restricted in their ability to differentiate. For example, the HSC (haemopoietic stem cell) gives rise to itself and the progenitor cells responsible for the adult blood lineages. Mesenchymal cells are multipotent stem cells capable of generating, for example, fat, bone and cartilage. Adult stem cells with restricted organ-specific differentiation capabilities also reside within the CNS (central nervous system) and skeletal muscle, and may exist in all major organs. In these locations they may be functioning as 'repair' cells to replenish damaged tissue.
Owing to the unique properties of stem cells, a considerable effort has been placed in finding ways to use them to treat various medical conditions, especially those conditions where the patient's endogenous tissues have been damaged. Although as yet there have been no approved treatments using ESCs, adult stem cell use has become fairly common in medical practice. Bone marrow transplantation employs HSCs taken from donor marrow to successfully treat leukaemia and other haematological malignancies. This success has led researchers to explore other uses, including the treatment of stroke [27] , blindness [28] and even myocardial infarctions [29] .
As T1DM results from the destruction of pancreatic β-cells, the unique regenerative properties of stem cells could be employed to replenish this deficit. Developing a renewable source of islets would circumvent the current supply/demand issues in islet transplantation and provide patients with a long-term source of insulin-producing β-cells. A key challenge will be to prevent autoimmunemediated destruction of the new cells. For example, hOKT3-ala-ala, an anti-CD3 monoclonal antibody, and other immunomodulatory therapies have shown great promise in early clinical trials in mitigating this response [30, 31] . Chronic immunosuppression, with its attendant side effects of renal toxicity, increased risk of infection and malignancy, will be required until tolerance, immunoisolation or HLA-identical cell preparations have been developed. New frontiers in immunomodulation, with calcineurin-inhibitor avoidance and use of co-stimulatory blockade, are moving forward with clinical trials of Figure 1 Multiple sources of stem cells that have been developed to produce insulin belatacept in clinical renal transplantation, and may be one way forward to minimize immunosuppressionrelated side effects [32, 33] .
STEM CELLS IN DIABETES
Although crucial research still continues in improving our current islet transplantation protocol, stem cell investigation has erupted in recent years as a tantalizing treatment for diabetes. Studies have focused on a number of approaches, including the use of both pancreatic and non-pancreatic adult stem cells in addition to ESCs (Figure 1 ). The following sections will provide a review of the progress to date in each of these areas.
Pancreatic adult stem cells
The first place that researchers began looking for potential stem cells was in the pancreas itself. Early studies had shown that the pancreas could replenish its β-cell mass when all but 10 % of a rat pancreas was removed [34] . Although some of this regeneration was due to replication of differentiated β-cells, a significant proportion was thought to be due to cells that were able to dedifferentiate to a more pluripotent form that then produced β-cells. These cells appeared to reside within the pancreatic ducts. Further research using digested human pancreatic tissue proved that this population of ductal cells could, in vitro, be cultivated and directed to form islet-like clusters that produced insulin [35, 36] . Still further research showed that these ductal cells re-expressed a key transcription factor, IPF-1/PDX-1 (insulin promoter factor-1/pancreas and duodenal homeobox-1), which is known to play a role in pancreatic development and endocrine cell neogenesis [37] . Finally, in 2004, Seaberg et al. [38] were the first group to develop a clonal population of adult pancreatic precursor cells which were isolated from ductal cells. These cells did express IPF-1 as well as several neural precursor markers causing them to develop into neurons and glial cells, in addition to pancreatic endocrine and exocrine tissue. In addition, the β-like cells produced both C-peptide and insulin, the release of the latter being positively regulated by glucose. At the same time, other groups were exploring the possibility of stem cells residing within the islets themselves. Zulewski and co-workers [39, 40] published a series of studies showing that islets, both rodent and human, contain multipotential stem cells which have the ability to differentiate into a number of tissues, including pancreatic endocrine and hepatic phenotypes. These cells were discovered through their common link to neural stem cells, the filament protein nestin. Interestingly enough, nestin-positive cells were also found in pancreatic ducts, providing a potential link between these cells and the previously discovered ductal stem cells [39] . Pancreatic stem cells appeared quite promising.
Even with this evidence, there were some that challenged the existence of a pancreatic adult stem cell. Dor et al. [41] reported, using genetic lineage tracing, that pre-existing β-cells, rather than stem cells, are the major source for new β-cells during adult life in humans and after injury in mice. This cast doubt on the studies that had preceded it. Xu et al. [41a] have recently reported proof that multipotent progenitor cells do exist in the pancreatic ducts of mice and express both IPF-1 and Ngn3 (neurogenin 3), a transcription factor known to be expressed by endocrine progenitor cells during embryonic development [42, 43] . These cells reappear following pancreatic injury (duct ligation) and give rise to new β-cells. Although this conclusively proves that a pancreatic stem cell exists and that β-cells can be formed from non-β-cells, much work still needs to be done to (i) elucidate further the factors that induce certain pancreatic cells to revert to an embryonic mode of development, and (ii) determine whether these stem cells exist in diabetic patients and if they can be somehow activated to promote β-cell formation or isolated and sufficiently expanded ex vivo for transplantation. Extensive studies have been performed in vitro in which adult rodent acinar cells have been transdifferentiated into β-like cells using combinations of various growth factors and culture methods [44] . So far, these methods have not proven to be applicable to human acinar cells. Most recently, Zhou et al. [45] have demonstrated that fully differentiated exocrine cells from the pancreas can be directly re-programmed into cells that closely resemble adult β-cells, using specific adenoviral-delivered transcription factors for IPF-1, Ngn3 and Mafa (V-maf musculoaponeurotic fibrosarcoma oncogene homologue A). Although this does not argue that stem cells exist, it suggests that adult pancreatic cells can be re-programmed to become β-like cells by supplying key endocrine and β-cell 're-programming' genes.
Non-pancreatic adult stem cells

Haemopoietic progenitor cells
A number of different adult stem cell can be found in the haemopoietic system. These include (i) HSCs which can be isolated from blood, bone marrow or UCB (umbilical cord blood), and (ii) MSCs (mesenchymal stem cells) from bone marrow and UCB. The former are responsible for producing all blood cell types, whereas the latter contribute to the formation of mesenchymal tissues, including bone, muscle and fat.
In recent years, bone-marrow-derived stem cells have been used successfully to treat a number of haematological malignancies due to their ability to reconstitute the haemopoietic system. Research has also shown them to have the ability to transdifferentiate into a number of other cell lineages, including liver, brain, lung and even gastrointestinal tract cells [46] [47] [48] [49] . In addition, UCB represents an abundant and easily accessible resource having a heightened ability to differentiate when compared with bone marrow or peripheral blood. For these reasons, a significant amount of work has focused on the possibility of using haemopoietic progenitors to replenish the β-cell population in T1DM.
In terms of bone marrow cells, an early mouse study proved promising, showing that these cells had the ability to differentiate in vivo into functionally competent β-cells [50] . The group injected bone marrow from male donor mice, whose cells were genetically modified to produce a fluorescent protein if insulin was produced, into irradiated female donor mice. Within pancreatic islets in the donor mice were found fluorescent protein-producing cells that contained a Y chromosome. Thus they were able to show that bone marrow cells were able to populate the pancreatic islet cells. In addition, this treatment was specific, as extra-pancreatic cells did not express the same fluorescent protein. Similar experiments were carried out by other groups using mice with chemically induced diabetes but without similar results [51] [52] [53] . They were able to show that bone marrow cells can be targeted to the pancreas and that hyperglycaemia can be reversed [51] ; however, they failed to provide evidence of differentiation of bone marrow cells into β-cells. These researchers felt that the marrow cells facilitated endogenous pancreatic regeneration possibly via conversion into endothelial cells or generalized anti-inflammatory activities but they themselves did not become functional β-cells.
At the same time, other groups were looking at blood stem cell populations in the NOD (non-obese diabetic) mouse model [54] [55] [56] [57] . Widely used in diabetes research, the NOD mouse is an autoimmune diabetes model. Once again, an initial report looked promising. NOD mice were given a syngeneic islet renal subcapsular transplant to treat their hyperglycaemia. Mice were then given donor splenocytes and complete Freund's adjuvant (previously shown to prevent autoimmune diabetes in NOD mice [58] ) and, after 40 days, the islet graft was removed [54] . Normoglycaemia continued. The authors hypothesized that the donor splenocytes differentiated into insulin-producing cells to regenerate the new β-cell mass. Three further studies partially replicated these experiments showing that a proportion of mice could regain endogenous β-cell function, but could not find any evidence that the splenocytes themselves replenished the β-cell mass [55] [56] [57] .
Similar experiments were performed using UCB cells. In one study, T-cell-depleted mononuclear cells were transplanted into newborn mice [59] . As the mice developed, 0.65 % of the insulin-positive cells in the pancreas were shown to be of UCB origin; a process that was both dependent and independent on fusion mechanisms. Another group subjected UCB cells to ESC culture conditions reported previously, leading to production of C-peptide [60, 61] .
Taking these cells one step further, a cohort of children with T1DM were transplanted with autologous UCB cells [62] . The authors showed lower average daily insulin requirements and lower average HbA 1c (glycated haemoglobin) levels. Unfortunately, it is still unclear whether this was due to differentiation of the transplanted cells or altered immune regulation. Still, even more promising are the recent studies showing improvement in T1DM [63] and T2DM [64] when autologous stem cells were transplanted. Although the patients in the former trial developed a number of complications, these trials provide promising results for the use of autologous HSCs in the treatment of diabetes. In addition, the use of a patient's own cells would probably avoid the ethical dilemma associated with their embryonic counterparts.
Other non-pancreatic adult stem cells
As the pancreas is embryologically derived from endodermal tissue, a logical place to search for pancreatic stem cells is in other endodermal-derived organs. Both the liver and small intestine share a common lineage origin with the pancreas and, as such, both have been extensively studied as potential sources of pancreatic β-cells.
Early work on the liver uncovered multipotent cells able to differentiate into both hepatocytes and bile duct epithelium. These were termed 'hepatic oval cells' [65] . Using this knowledge, researchers began the search for ways to induce the differentiation of these liver cells into insulin-producing cells. Once again, IPF-1/ PDX-1 has proved to be a useful tool, with multiple groups successfully transdifferentiating rodent hepatic cells into insulin-producing cells via multiple genetic approaches [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] . Most groups used adenovirusmediated gene transfer techniques to introduce transcription factors (especially PDX-1) into hepatic cells in vivo [66, 68, 72, 73, 75, 76] , whereas others found that in vitro high glucose concentrations and/or transplantation into a diabetic mouse were necessary to stimulate hepatic cell changes [67, 71] . Regardless of the method used, amelioration of hyperglycaemia was achieved in these mouse models, giving hope to researchers searching for extra-pancreatic sources of insulin.
Other potential stem cell sources have also been studied, including the small intestine [76] [77] [78] , salivary glands [79] and adipose tissue [80] . Varying success has been achieved in this regard and, if a non-pancreatic stem cell source of β-cells is to be utilized in a cure for diabetes, it appears that the liver could be a likely source based on its close embryological proximity and the results obtained to date. Although issues remain, including the expandability and durability of these cell lines, the ability to achieve fully differentiated β-cell phenotypes and the potential necessity of islet structure formation, hepatic production of insulin has the potential to become a viable source for β-cell replacement in the years to come.
Human ESCs
ESCs have received a heightened amount of interest in the last decade owing to their pluripotency and their ability to self-renew. These unique characteristics have led many researchers to explore their use in a number of medical conditions, especially those with a degenerative or destructive aetiology. T1DM fits in this realm of diseases as the initiating insult is an autoimmune destruction. The theory has developed that, if ESCs could be directed to differentiate into pancreatic islet cells and these cells could then be implanted in patients with diabetes, then the β-cell deficit would be overcome. This differentiation task, however, has proven to be complex and difficult.
The first attempts at producing islet cells in vitro from mouse ESCs was published in 2000 [81] . The group led by Soria developed insulin-secreting clones from a genetically engineered and drug-selected mouse ESC line. They were able to transplant these cells into diabetic mice and were able to achieve a degree of amelioration of hyperglycaemia that lasted for a few months [81] . Unfortunately, the rate of insulin-positive cell production was quite low, probably because their cell selection process was conducted before full differentiation. As such, some of the cells in their final group were nonislet insulin-producing cells (e.g. neural cells). Over the next few years, a number of other groups have published results with varying degrees of success. These initial studies employed both mouse [60, [82] [83] [84] [85] [86] [87] and human [88, 89] ESCs, and were limited by final cell homogeneity [60] , immaturity of the differentiated cells [89] , low numbers of insulin-producing cells [90] and a poor insulinresponse when the cells were exposed to glucose [86, 88] . In general, all of these studies lacked thorough analysis and demonstration of the sequential developmental steps required to ensure formation of foregut pancreatic cells capable of endocrine hormone production. Although these early reports brought some hope, it was certainly proving difficult to create reliable insulin-producing cells with a β-cell phenotype from ESCs.
To add to these difficulties, other groups were beginning to question whether these cells were actually producing insulin at all. Three separate teams were able to show that the majority of the claimed differentiated pancreatic 'insulin-producing' cells did not, in fact, produce any insulin [91] [92] [93] . They argued that the insulin found in these cells was due to its uptake from the surrounding medium. In support of this, they showed a lack of C-peptide production [91] [92] [93] and a lack of intracellular insulin once the cells were cultured in insulin-free medium [92] . For further progress to be made with ESCs, proof of C-peptide production would have to be shown.
This setback forced researchers to rethink their differentiation strategies. The stages and gene expression involved during normal pancreas development were already known [94] [95] [96] , including the first major differentiation stage in the development of the endocrine pancreas, the definitive endoderm germ layer [94] . Kubo et al. [97] were able to define the exact culture conditions necessary to convert mouse ESCs into definitive endoderm. This paved the way for D'Amour et al. [98] to refine this protocol and produce a near 100 % pure definitive endoderm cell population. The same group extended their work on definitive endoderm and developed a five stage in vitro differentiation process modelled after in vivo development of the pancreas [99] . In that study, they demonstrated the production of pancreatic endocrinehormone-producing cells that contained both insulin and C-peptide. In fact, the insulin content of these cells was in the range of that for mature human islets. Unfortunately, although C-peptide was released from these cells in response to various stimuli, including KCl and cAMP, neither C-peptide nor insulin was released in response to glucose. Hyperglycaemic responsiveness is a crucial characteristic that is needed for any potential cellular diabetic therapy. In order to overcome this deficit, the group once again looked at earlier research in which fetal human pancreatic anlagen was successfully isolated and grafted into rodents, resulting in functional human islet formation. This time they stopped their in vitro differentiation at a point where the cells resembled a 6-9-week-old embryo; they were committed to the pancreatic lineage, but had not yet transitioned to the endocrine progenitor state [100] . A prior report had demonstrated that a 6-9-week human embryonic pancreas (primarily pancreatic epithelium as opposed to endocrine cells) grafted into an immunodeficient diabetic mouse was able to develop and reverse hyperglycaemia further [101] . Using this knowledge, the group transplanted their differentiated cells into the epididymal fat pad of immunodeficient mice. Although C-peptide levels were low 1 month post-transplantation, at the 90 day point, levels were approaching those seen with transplantation of 3000-5000 human islets. Insulin release was also measured and was shown to be released in a glucose-dependent manner. This allowed the cells to both recover mice from STZ (streptozotocin)-induced diabetes as well as prevent it.
These recent discoveries have paved the way for ESCs to become a strong candidate for cellular replacement therapy in T1DM; however, we are probably still a number of years away from any potential clinical trials with a number of questions still left to be answered, including the long-term stability of stem cell derivatives and their potential side effects.
HOW FAR AWAY IS CELLULAR-REPLACEMENT THERAPY FOR DIABETES?
Although researchers have made enormous strides toward using stem cells as a potential treatment for T1DM, there are a number of issues that need to be addressed. These include concerns of both a scientific and societal nature (Table 1) .
First, before any new treatment is used in the human population, it of course needs to undergo rigorous testing and screening for potential side effects. This concern for safety is probably even more heightened when it comes to stem cells. One complication that has already arisen in the mouse models is the formation of teratomas with the potential for malignancy. This is especially a concern with ESCs, where groups have already observed teratoma formation when grafts were histologically assessed [85, 87, 100] . These tumours form due to the implantation of undifferentiated cell populations into an immunodeficient host; such as would be the case if these cells were introduced into a patient on necessary immunosuppressives. It would be difficult to treat patients with a cell-replacement product for diabetes if it could not be demonstrated to be safe with respect to teratoma formation. Future protocols will therefore need some form of purification or screening step in order to eliminate and screen for the presence of unsafe cells respectively. Of course, if the replacement therapy could be administered without immunosuppressive drugs, the possibility of teratoma formation would no doubt be lessened. The pancreas is a very complex organ with many functions both endocrine and exocrine in nature. Endogenous β-cells develop through a regulated pathway to eventually become the insulin-producing cells which regulate euglycaemia. The mature cells are part of an integrated milieu of cells and cellular signals together with their cellular products. Even the islets transplanted in current clinical islet-transplant programmes contain β-cells along with α-and δ-cells. In addition, endogenous islets are situated in a complex array of vascular and neural supports. How will stem-cell-derived products behave once transplanted? Depending on the transplant site, will they be able to develop these same vascular and neural connections? Even though some groups have shown the production of glucagon and somatostatin in their cell populations, how will these cells interact once transplanted into an unfamiliar environment? Will it be necessary to have a complete islet structure with the appropriate endocrine hormone composition or will it be sufficient to have appropriate numbers of β-cells? Recent studies have demonstrated that purified β-cell preparations are sufficient to treat the diabetic condition in rodents [102] . In addition, it is likely that β-cells are able to adapt to changes in their glucose environment and adapt to insulin resistance through both neogenesis and cell replication [103] . Will stem-cell-derived β-cells have these abilities or, even worse, will increased insulin resistance cause these β-cells to expand uncontrollably? Further studies will no doubt need to address these issues.
Although a cellular-based replacement therapy for diabetes would overcome one of the major limitations of our current islet transplantation protocol, it is still likely to be subject to the other major limitation. Unless a protocol is developed where stem cells are derived from a patient's own cellular population (and even here the issue of the autoimmune insult which caused the disease needs to be addressed), some form of immunosuppression or an immuno-isolation delivery strategy will be required. Clearly our knowledge of the immune system and therapies targeted at diminishing its effects have made great strides, but patients are faced with unpleasant and, at times, unbearable side effects from immunosuppressive agents. Thus, although stem cells could conceivably circumvent the need to rely on organ donation for a source of insulin-producing tissue, they may do nothing to relieve the toxicity associated with the post-implantation drug therapy, unless additional immunomodulatory regulatory stem cells are co-transplanted or specific tolerization strategies are developed. Any future stem-cell-related therapies will no doubt be facilitated by improvements in the tolerance of our current anti-immune therapies. Underlying this point is the need to continue with the current research into islet transplantation, as any further advances made there will no doubt have a positive impact upon the development of any cellular-based diabetes therapy.
When considering current clinical islet transplantation programmes another interesting issue arises. Current guidelines employ a minimal islet implant mass of 10 000 IE (islet equivalent)/kg of body weight, usually obtained by harvesting two pancreases [9] . Even with this amount of islets, most patients need to return to a small amount of insulin at the 2-3-year mark. It still remains to be seen how stem cells can compare, in terms of insulin production and potency, to this amount of islets. Although Kroon et al. [100] have stated that their stem-cell-derived products are achieving a production rate of C-peptide equivalent to 3000-5000 human islets in their mouse model, this is far short of the levels needed to support an adult human. The scale-up potential of stem cells will, therefore, need to be studied further to provide an excess of transplanted cellular reserve.
The last issue, and certainly by no means the least important, is the intense ethical debate that forms from any discussion of stem cells. Beginning with the cloning of Dolly the sheep in 1997 [104] , cultural fires have ignited with any mention of cloning or genetic engineering. These fires have now spread to the field of stem cell research.
Here, it appears the issues revolve mainly around ESCs and their derivation. In short, ESCs are usually derived from unused embryos at in vitro fertilization clinics. Full informed consent needs to be given by the donor before these cells can be used. Unfortunately, the embryo, in most cases, needs to be destroyed to harvest the cells it contains. It appears that the majority of the controversy develops from this derivation process and the question of when life actually begins. On the one hand are those that believe that stem cell research violates the sanctity of life. They are of the mind that life is inviolable and begins when a sperm fertilizes an egg. They are in direct contrast with those that take a more utilitarian view on the issue where the potential benefits, in terms of cellular therapies for medical conditions, outweigh the potential costs. Although this debate continues, the full extent of its impact on research using stem cells remains to be seen. Even though adult stem cells will probably avoid much of the negative publicity generated by their embryonic cousins, any potential clinical uses involving stem cells will need to be accompanied by a thorough explanation of their derivation. Although unlikely to end the debate, it will hopefully ease some of the tension that has built up around this topic.
A longer-term solution to the human ESC ethical dilemma will probably be the induced pluripotent stem cell approach [105, 106] . In this case, adult cells are reprogrammed to the pluripotent state to be subsequently differentiated to functional β-cells. The further safety concerns associated with ex vivo gene therapy with oncogenes which, together with a better understanding of the genetic and epigenetic stability, adds a further safety burden probably to be solved in the future.
CONCLUSIONS
Are stem cells a 'cure for diabetes'? Although great strides have been made towards using stem cells as a cellular replacement therapy for T1DM, many issues still remain. It would appear that ESCs have the advantage thus far owing to their enhanced potential for directed differentiation and replication. Unfortunately, it is ESCs that also are fraught with potential complications, including a tendency to form teratomas and the ethical debate revolving around their derivation. That said, in the last 10 years, we have been able to use the knowledge of normal embryologic development to differentiate stem cells into insulin-producing tissue with the ability to reverse diabetes in an animal model. Who knows what the next 10 years will bring? 
